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(54) Fuel injector 

(57) A piezoelectrically actuable fuel injector com- 
prising an accumulator volume (36) within which a pie- 
zoelectric stack (40) is arranged, the accumulator vol- 
ume (36) being arranged to receive fuel from a source 
of pressurised fuel, in use. The piezoelectric stack (40) 
carrying an end member (48) which engages a surface 
associated with a piston member (24) so as to apply a 
retracting force to the piston member (24) upon a reduc- 
tion in the axial length of the piezoelectric stack (40), the 
piston member (24) being operable to control fuel pres- 
sure within a control chamber (18). A volume (50) is de- 
fined between the end member (48) and the surface as- 
sociated with the piston member (24). The volume (50) 
is provided with vent means (63) to permit fuel within the 
volume (50) to flow to a low pressure drain. 
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Description 

[0001] This invention relates to a fuel injector for use 
in the delivery of fuel to a combustion space of an inter- 
nal combustion engine. In particular, the invention re- 
lates to a fuel injector of the type intended for use in a 
fuel system of the accumulator or common rail type, the 
injector being of the type controlled using a piezoelectric 
actuator. 

[0002] In a known piezoelectrically actuated fuel in- 
jector, a piezoelectric actuator is operable to control the 
position occupied by a control piston member, the piston 
being moveable to control the fuel pressure within a con- 
trol chamber defined, in part, by a surface associated 
with the valve needle of the injector to control movement 
of the injector. The piezoelectric actuator includes a 
stack of piezoelectric elements, the energisation level, 
and hence the axial length, of the stack being controlled 
by applying a voltage across the stack. The lower end 
of the piezoelectric stack carries an anvil member in- 
cluding a part-spherical recess which engages a part- 
spherical upper region of the control piston member in 
a sealing manner. A small volume is defined between 
these two components such that, in use, when the axial 
length of the piezoelectric stack is reduced causing the 
anvil member to move in an upwards direction, fuel pres- 
sure within the volume is reduced, serving to draw the 
control piston member to move with the stack. 
[0003] A disadvantage of this type of arrangement is 
that high quality surfaces are required on the anvil mem- 
ber and the control piston member to achieve a level of 
sealing which is sufficient to ensure the control piston 
member is caused to move with the anvil member. Fur- 
thermore, the seal formed between these components 
is sensitive to debris which may become trapped be- 
tween them. These disadvantageous effects can cause 
the anvil member and the control piston member to be- 
come separated, in use, during injecting stages of the 
fuel injection cycle. 

[0004] It is an object of the invention to provide a fuel 
injector in which the disadvantageous effects described 
hereinbefore are reduced. 

[0005] According to the present invention, there is 
provided a piezoelectrically actuable fuel injector com- 
prising an accumulator volume within which a piezoe- 
lectric stack is arranged, the accumulator volume being 
arranged to receive fuel from a source of pressurised 
fuel, in use, the piezoelectric stack carrying an end 
member which engages a surface associated with a pis- 
ton member so as to apply a retracting force to the piston 
member upon the axial length of the piezoelectric stack 
being reduced, the piston member being operable to 
control fuel pressure within a control chamber, a volume 
being defined between the end member and the surface 
associated with the piston member, the volume being 
provided with vent means to permit fuel within the vol- 
ume to flow to a low pressure drain. 
[0006] As the volume defined between the end mem- 



ber and the surface associated with the control piston 
member is able to vent to low pressure, the end member 
and the surface are more firmly engaged due to fuel un- 
der high pressure within the accumulator volume. Thus, 
5 upon retraction of the axial length of the piezoelectric 
stack and the application of a retracting force to the pis- 
ton member, the risk of separation of the end member 
and the surface of the piston member is reduced. This 
permits opening movement of the valve needle of the 
10 fuel injector to be damped, thereby improving the control 
of valve needle movement and enabling relatively small 
quantities of fuel to be injected with improved accuracy. 
[0007] Conveniently, the vent means may take the 
form of a passage, one end of the passage communi- 
ty eating with the volume and the other end of the passage 
communicating with the low pressure drain. The pas- 
sage may be defined by a tubular member housed within 
the accumulator volume. Alternatively, the piezoelectric 
stack may be provided with a first bore, the passage be- 
20 ing defined by a tubular member passing through the 
first bore provided in the stack or by the first bore itself. 
[0008] The piston member conveniently includes a 
load transmitting member which defines the surface 
which engages the end member. 
25 [0009] The fuel injector conveniently includes a valve 
needle which is slidable within a second bore and en- 
gageable with a seating to control fuel delivery through 
one or more outlet openings. The fuel injector may be 
of the inwardly opening type in which inward movement 
30 of the valve needle within the second bore causes fuel 
injection to be commenced. 

[0010] The injector may further comprise damping 
means for damping movement of the piston member up- 
on a reduction of the axial length of the piezoelectric 
35 stack. In this way, opening movement of the valve nee- 
dle can be damped to improve control of valve needle 
movement. 

[0011] Conveniently, the damping means may com- 
prise a further chamber for fuel, the further chamber 

40 communicating with the accumulator volume by means 
of a restricted flow passage. Thus, in use, upon a reduc- 
tion of the axial length of the piezoelectric stack and up- 
ward movement of the piston member, fuel within the 
accumulatorvolume is drawn through the restricted pas- 

45 sage into the further chamber. 

[001 2] It is possible to damp opening movement of the 
valve needle as the risk of the end member and the sur- 
face associated with the piston member becoming sep- 
arated is reduced. Thus, it is possible to provide an ac- 

50 tuation stroke for a longer period of time in order to lift 
the valve needle away from its seating. 
[0013] The further chamber may be provided with 
valve means operable in response to fuel pressure with- 
in the further chamber such that, upon movement of the 

55 piston member to reduce the volume of the further 
chamber, the valve means are caused to open to relieve 
fuel pressure within the further chamber. This ensures 
closing movement of the valve needle is not hindered 
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and fuel injection can be terminated rapidly. 
[0014] The fuel injector may alternatively be of the 
outwardly opening type such that movement of the valve 
needle outwardly within the second bore causes fuel in- 
jection to be commenced. 

[0015] The piston member may be provided with a 
piston bore which communicates with the volume, a first 
surface associated with the piston member being ex- 
posed to fuel pressure within the piston bore and a sec- 
ond surface of the piston member being exposed to fuel 
pressure within the control chamber. 
[0016] Conveniently, the control chamber communi- 
cates with the accumulator volume such that, in use, 
during non-injecting stages of the injection cycle, fuel 
pressure within the control chamber is substantially the 
same as fuel pressure within the accumulator volume. 
Thus, leakage of fuel into the control chamber between 
fuel injections does not adversely affect fuel injector op- 
eration, as is the case in conventional fuel injectors of 
the outwardly opening type in which the control chamber 
is at reduced pressure during non-injecting stages of the 
injection cycle. 

[0017] The invention will be described, by way of ex- 
ample, with reference to the accompanying drawings, 
in which:- 

Figure 1 is a sectional view illustrating a fuel injector 
in accordance with an embodiment of the invention; 

Figure 2 is an enlarged sectional view of a part of 
an alternative embodiment of the present invention; 
and 

Figure 3 is a sectional view of a part of a further 
alternative embodiment of the present invention. 

[0018] Referring to Figure 1 , a fuel injector includes a 
nozzle body 10 provided with a blind bore 11 within 
which a valve needle 1 2 is reciprocable. The valve nee- 
dle 1 2 is shaped for engagement with a seating defined 
by the blind end of the bore 11 . The valve needle 12 is 
of stepped form and includes an enlarged region 12a 
having a diameter substantially equal to that of the ad- 
jacent part of the bore 1 1 which serves to guide the valve 
needle 12 for sliding movement within the bore 11, and 
a region of smaller diameter 1 2b. An enlarged region of 
the bore 11 defines an annular chamber 13 which com- 
municates with a supply passage 1 4 provided in the noz- 
zle body 1 0, the supply passage 14 communicating with 
a source of pressurised fuel, for example the common 
rail of a common rail fuel system. In use, fuel delivered 
to the annular chamber 13 is able to flow to a delivery 
chamber 1 5 defined between the region 1 2b of the valve 
needle 12 and the bore 11 by means of flats, slots or 
grooves 16 provided on the surface of the valve needle 
12. It will be appreciated that engagement of the valve 
needle 12 with the seating defined by the bore 11 con- 
trols communication between the delivery chamber 15 



and one or more outlet openings (not shown) located 
downstream of the seating. 

[0019] The valve needle 12 defines an angled step at 
the interconnection of the enlarged region 12a and the 

5 smaller region 12b, the step forming a thrust surface 
which is exposed to fuel pressure within the delivery 
chamber 15 such that, when fuel under high pressure is 
supplied to the delivery chamber 15, a force is applied 
to the thrust surface to urge the valve needle 12 away 

10 from its seating. The upper end of the valve needle 12 
is exposed to fuel pressure within a control chamber 1 8 
defined, in part, by a recess formed in the upper end of 
the nozzle body 10, fuel pressure within the control 
chamber 18 acting to urge the valve needle 12 towards 

'5 its seating to close communication between the delivery 
chamber 15 and the outlet openings. 
[0020] The nozzle body 10 abuts, at its end remote 
from the outlet openings, a distance piece 20 including 
a projecting region 20a of reduced diameter. The dis- 

20 tance piece 20 is provided with a through bore 22 within 
which a control piston member 24 of generally tubular 
form is slidable, the bore 22 including, at its uppermost 
end, a region of enlarged diameter. The piston member 
24 is of stepped form and includes an enlarged upper 

25 end region 24a, slidable within the enlarged region of 
the bore 22 and a region 24b of smaller diameter. The 
piston member 24 is also provided with a piston bore 
and a load transmitting member 28 having an upper sur- 
face of part-spherical form and a lower region which is 

30 engaged with an en larged region of the piston bore. The 
load transmitting member 28 is provided with a blind 
bore which defines, together with a reduced diameter 
region of the piston bore, a spring chamber 29 housing 
a compression spring 30. The spring 30 engages, at its 

35 lowermost end, a pin member 32 which cooperates with 
the enlarged region 1 2a of the valve needle 1 2, the other 
end of the spring 30 abutting the blind end of the bore 
provided in the load transmitting member 28 such that 
the spring 30 serves to urge the valve needle 12 in a 

40 downwards direction against its seating. 

[0021] The outer surface of the piston member 24 at 
the region of interconnection between the regions 24a, 
24b thereof defines, together with the bore 22, a cham- 
ber 34 for fuel. The projecting region 20a of the distance 

45 piece 20 is provided with a restricted drilling 37, one end 
of the drilling 37 communicating with the chamber 34 
and the other end communicating with an accumulator 
volume 36 defined within an actuator housing 38. The 
housing 38 abuts, at its lowermost end, a surface of the 

so distance piece 20, the nozzle body 10, the distance 
piece 20 and the lower part of the housing 38 being se- 
cured within a cap nut 70. In use, the drilling 37 permits 
fuel to flow from the accumulator volume 36 to the cham- 
ber 34 at a restricted rate. 

55 [0022] The chamber 34 is provided with an annular 
valve member 59 which is engageable with a seating 
defined by the upper surface of the projecting region 20a 
to control direct communication between the chamber 
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34 and the accumulator volume 36. The annular valve 
member 59 is biased towards its closed position by 
means of a spring 57 located within the accumulatorvol- 
ume 36. In use, when fuel pressure within the chamber 
34 exceeds fuel pressure within the accumulator volume 
36, the annular valve member 59 is urged away from its 
seating against the action of the spring 57 to permit fuel 
to flow directly from the chamber 34 to the accumulator 
volume 36. 

[0023] A piezoelectric stack 40, only the uppermost 
and lowermost parts of which are shown in Figure 1 , is 
housed within a sleeve member 35 which is arranged 
within the accumulator volume 36. The actuator housing 
38 is provided with an inlet region 42 arranged to be cou-. 
pled to a high pressure fuel line to permit connection of 
the fuel injector to the source of fuel under high pres- 
sure. The inlet region 42 houses an edge filter member 
44 to remove particulate contaminants from the flow of 
fuel to the injector, in use, thereby reducing the risk of 
damage to the various components of the injector. The 
clean side of the filter formed by the edge filter member 
44 communicates with the accumulator volume 36 by 
means of a drilling 46 provided in the housing 38, the 
drilling 46 forming part of the supply passage 1 4 for fuel 
passing from the inlet region 42 to the nozzle body 10. 
The lowermost end of the piezoelectric stack 40 is con- 
nected with an end member 48, a part of the lower sur- 
face of which is of part-spherical form and engages the 
part-spherical upper surface of the load transmitting 
member 28. The lower surface of the end member 48 is 
also provided with a recess which defines, together with 
a portion of the upper surface of the load transmitting 
member 28, a volume 50. The cooperation between the 
end member 48 and the load transmitting member 28 is 
such as to define a seal between these components, the 
seal being sufficient to restrict the flow of fuel into the 
volume 50 from the accumulator volume 36. 
[0024] The upper end of the piezoelectric stack 40 is 
secured to a first terminal member 52, a second outer 
terminal member 54 surrounding a stem of the first ter- 
minal member 52 and an insulating spacer member 56 
being located between the first and second terminal 
members 52, 54. A suitable adhesive is conveniently 
used to secure the first and second terminal members 
52, 54 and the insulating spacer member 56 to other 
another. The first and second terminal members 52, 54 
are in connection with an electrical connector 60 which 
is connected to a voltage source (not shown) to permit 
an appropriate voltage to be applied across the piezoe- 
lectric stack 40 to vary the energisation level thereof, 
and hence the axial length. A seal member 58 engages 
around part of the second terminal member 54, a further 
insulating spacer member 57a being located between 
the seal member 58 and the second terminal member 
54. The seal member 58 includes a surface of part- 
spherical or part-spheroidal form which is arranged to 
seat with a correspondingly shaped surface of the ac- 
cumulator volume 36 so as to substantially prevent fuel 



escaping from the accumulator volume 36 at its upper- 
most end. 

[0025] The seal member 58 is provided with a drilling 
61 , a tubular member 63 being arranged within the ac- 

5 cumulator volume 36 such that one end thereof commu- 
nicates with the drilling 61 and the other end thereof 
communicates with the volume 50 defined between the 
end member 48 and the load transmitting member 28. 
The drilling 61 communicates with an annular chamber 

10 65 defined within the housing 38, the annular chamber 
65 being in communication with a passage or other 
chamber in communication with a low pressure drain. 
The tubular member 63 therefore defines a flow pas- 
sage for fuel which permits the volume 50 to be vented 

15 to low pressure, in use. To prevent any fuel in the accu- 
mulator volume 36 contaminating the electrical connec- 
tor 60, an annular seal member 62 is provided between 
the insulating spacer 57a and the vent chamber 65. Ad- 
ditionally, on assembly, the sleeve member 35 within 

20 which the piezoelectric stack is to be arranged may be 
moulded in such a way that a lip portion 35a thereof is 
trapped so as to improve the seal between the accumu- 
lator volume 36 and the electrical connector 60. 
[0026] In use, with the injector supplied with fuel from 

25 the source of pressurised fuel, and with the piezoelectric 
stack 40 having an energisation level at which the axial 
length of the stack is relatively long, the piston member 
24 occupies a position in which fuel within the control 
chamber 18 is pressurised to a sufficient extent to en- 

30 sure the force applied to the valve needle 12 by fuel un- 
der pressure within the control chamber 1 8, in combina- 
tion with the action of the spring 30, is sufficient to hold 
the valve needle 1 2 in engagement with its seating. Un- 
der these circumstances, fuel under pressure within the 

35 delivery chamber 15 acting on the thrust surface of the 
valve needle 12 is insufficient to overcome the down- 
ward force on the valve needle 12 such that communi- 
cation between the delivery chamber 15 and the outlet 
openings provided in the nozzle body 10 does not take 

40 place. During this stage of operation, the accumulator 
volume 36 is also filled with fuel under high pressure 
such that fuel is able to flow, via the drilling 37, into the 
chamber 34 defined between the projecting region 20a 
of the distance piece and the enlarged region 24a of the 

45 piston member 24. 

[0027] In order to commence injection, the piezoelec- 
tric stack 40 is energised to a second energisation level 
causing the axial length of the piezoelectric stack 40 to 
be reduced. As the uppermost end of the piezoelectric 

50 stack 40 is held in a fixed position relative to the housing 
38, the change in energisation level of the stack 40 to 
reduce the length thereof results in upward movement 
of the lower end of the stack 40. The movement of the 
lower end of the stack 40 is transmitted to the end mem- 

55 ber 48. As fuel within the volume 50 is able to vent 
through the tubular member 63 to the low pressure 
drain, the compressive load applied to the end member 
48 and the load transmitting member 28 due to fuel pres- 
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sure within the accumulator volume 36 causes these 
components to be urged together. Thus, throughout ap- 
plication of the retracting force to the load transmitting 
member 28 by the end member 48, there is a reduced 
risk of the components becoming separated. 
[0028] As the piston member 24 is secured to the load 
transmitting member 28, the change in energisation lev- 
el of the stack 40, and subsequent upward movement 
of the load transmitting member 28, results in movement 
of the piston member 24 in an upwards direction. Thus, 
as upward movement of the piston member 24 contin- 
ues, the action of fuel under pressure within the control 
chamber 18 will reduce to a point beyond which the 
valve needle 12 is no longer held in engagement with 
its seating but is lifted therefrom due to the force applied 
to the thrust surface of the valve needle 1 2 by fuel pres- 
sure within the delivery chamber 15. Under these cir- 
cumstances, with the valve needle 12 lifted away from 
its seating, fuel is able to flow from the delivery chamber 
15 through the outlet openings and fuel injection com- 
mences. 

[0029] When injection is to be terminated, the piezo- 
electric stack 40 is returned to its original energisation 
level, causing the end member 48 and the load trans- 
mitting member 28 to be moved in a downward direction, 
returning the piston member 24 to the position shown in 
Figure 1 . As a result, fuel pressure within the control 
chamber 18 is increased, thereby increasing the mag- 
nitude of the force applied to the valve needle 1 2. A point 
will be reached beyond which fuel pressure within the 
control chamber 18, in combination with the force due 
to the spring 30, is able to return the valve needle 12 
into engagement with its seating, at which point fuel in- 
jection ceases. 

[0030] Upon a reduction of the axial length of the pi- 
ezoelectric stack 40 to cause upward movement of the 
piston member24 and a reduction of fuel pressure with- 
in the chamber 18, fuel is drawn into the chamber 34 
through the drilling 37 from the accumulator volume 36. 
This causes movement of the piston member 24 to be 
damped, resulting in opening movement of the valve 
needle 1 2 being damped. It is possible to damp opening 
movement of the valve needle 12 as the volume 50 is 
vented and this permits a greater retracting force to be 
applied to the piston member 24 for a longer period of 
time without the risk of separation of the end member 
48 and the load transmitting member 28. Upon down- 
ward movement of the piston member 24 to increase 
fuel pressure within the control chamber 18, fuel pres- 
sure within the chamber 34 will increase, thereby caus- 
ing the annular valve member 59 to lift away from its 
seating against the action of the spring 57. Under such 
circumstances, fuel pressure within the chamber 34 is 
relieved such that closing movement of the valve needle 
1 2 is not damped. This ensures fuel injection can be ter- 
minated rapidly. 

[0031 ] The effectiveness of damping movement of the 
piston 24 is also improved by arranging the spring 30 



within the spring chamber 29 defined within the piston 
member 24 and the load transmitting member 28. Nor- 
mally, the spring 30 is located within the control chamber 
1 8. By moving the location of the spring member 30, the 
5 volume of the control chamber 18 can therefore be re- 
duced. 

[0032] Referring to Figure 2, in an alternative embod- 
iment of the invention, the seal member 58 is formed 
from an electrically non-conductive material, for exam- 

10 pie a ceramic material, such that fewer insulating spacer 
members are required. As in the embodiment shown in 
Figure 1 , an annular seal member 62 is located within 
the chamber 65 to ensure fuel within the chamber 65 is 
unable to contaminant the electrical connector 60. 

15 [0033] In a further alternative embodiment of the in- 
vention (not shown), the tubular member 63 may pass 
through a bore provided through the piezoelectric stack 
40. Such piezoelectric stacks are, however, expensive 
to manufacture. In any of the embodiments herein de- 

20 scribed, the tubular member 63 may conveniently take 
the form of hypodermic needle tubing. Such tubing is 
particularly suitable as it has a relatively small diameter, 
can withstand the relatively high forces applied by fuel 
pressure within the accumulator volume 36 and has 

25 good corrosion resistance. As only a relatively small 
amount of fuel flows through the tubular member 63, in 
use, the bore of the tubular member may be partially 
filled with a wire or other strengthening means to reduce 
the risk of the tubular member being compressed by 

30 high pressure fuel within the accumulator volume 36. 
[0034] Referring to Figure 3, there is shown a fuel in- 
jector of the outwardly opening type in which similar 
parts to those shown in Figures 1 and 2 are denoted 
with the same reference numerals. The fuel injector in- 

35 eludes a valve needle, only an enlarged end region 12c 
of which is visible in Figure 3. The enlarged end region 
1 2c of the valve needle is engageable with a seating 72 
to control fuel delivery through outlet openings 74 pro- 
vided in a sleeve member 94 received within the bore 

40 11. The valve needle extends through the sleeve mem- 
ber 94, the sleeve member 94 including an enlarged re- 
gion 94b and a region 94a of smaller diameter. The re- 
gion 94a has a diameter substantially the same as the 
diameter of the adjacent part of the bore 11 which serves 

4 5 to guide sliding movement of the valve needle within the 
bore 1 1 . 

[0035] The sleeve member 94 is biased by means of 
a compression spring 78 and fuel pressure towards a 
position in which part of the lower surface of the sleeve 

50 member 94 engages the enlarged end region 1 2c of the 
valve needle to form a seal at the seating 72, the com- 
pression spring 78 being housed within a spring cham- 
ber 79. The other end of the spring 78 is in abutment 
with an annular abutment member 80, the abutment 

55 member 80 engaging, at its end remote from the spring 
78, a second compression spring 84. The second com- 
pression spring 84 abuts, at its end remote from the 
abutment member 80, a lower region 92a of a piston 
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member 92, the piston member 92 including an upper 
region 92b of reduced diameter which extends through 
the uppermost open end of the bore 11 into the bore 86 
provided in the piston member 24. The region 92b of the 
piston member has a diameter substantially the same 
or slightly larger than the diameter of the region 94a. 
The compression spring 84 is pre-loaded such that it 
urges the enlarged region 12c of the valve needle 
against its seating 72 to prevent fuel delivery through 
the outlet openings 74. The outer surface of the valve 
needle and the inner surface of the sleeve member 94 
together define a flow passage for fuel which communi- 
cates with the outlet openings 74, thereby permitting fuel 
to flow from the chamber 79 to the outlet openings 74, 
in use. 

[0036] The bore 11 provided in the nozzle body 10, 
the piston member 92, the bore 22 and the piston mem- 
ber 24 together define the control chamber 1 8 for fuel. 
The control chamber 18 communicates with the accu- 
mulator volume 36 through leakage such that, in use, 
when the valve needle 12 adopts the position shown in 
Figure 3, fuel pressure within the control chamber 18 is 
substantially the same pressure as fuel pressure within 
the accumulator volume 36. 

[0037] The piston member 24 is provided with a blind 
bore 86 which is substantially co-axial with the bore 11 
in the nozzle body 1 0, the blind end of the bore 86 com- 
municating with a restricted drilling 87 provided in the 
piston member 24. The drilling 87 communicates with 
the volume 50 defined between the end member 48 and 
the piston member 24 such that, in use, in the position 
shown in Figure 3, fuel pressure within the bore 86 is 
maintained at substantially the same level as fuel pres- 
sure within the volume 50. An annular seal member 88 
is located within the control chamber 18, the seal 88 
serving to seal the control chamber 1 8 from the bore 86 
so as to substantially prevent fuel under high pressure 
within the control chamber 18 flowing into the bore 86. 
The seal 88 also accommodates any eccentricities be- 
tween the bore 86 provided in the piston member24 and 
the bore 11 in the nozzle body 10. 
[0038] In use, fuel is supplied to the annular chamber 
1 3 through the supply passage 1 4 and through the flow 
passage defined between the valve needle and the 
sleeve member 94 towards the outlet openings 74. As 
the volume 50 communicates, via the tubular member 
63, with the low pressure drain, only a relatively low 
force is applied to the region 92b of the piston member 
92. The control chamber 18 is filled with fuel under high 
pressure through leakage. As the diameter of the region 
92b of the piston member 92 is substantially the same 
or slightly larger than the diameter of the region 94a of 
the sleeve member 94, in such circumstances the valve 
needle is substantially pressure balanced, the force due 
to the spring 84 serving to urge the valve needle against 
its seating 72 such that fuel injection does not take 
place. 

[0039] When fuel injection is to be commenced, the 



piezoelectric stack 40 is energised to a level which caus- 
es the axial length thereof to increase. The end member 
48 is therefore caused to move in a downwards direc- 
tion, thereby transmitting movement to the piston mem- 

5 ber 24. Fuel pressure within the control chamber 18 
therefore increases such that the downward force ap- 
plied to the piston member 92 is increased. It will be ap- 
preciated that, as a substantially fluid tight sealed is 
formed between the control chamber 18 and the bore 

10 86 by means of the seal member 88, fuel within the con- 
trol chamber 1 8 is unable to escape to low pressure dur- 
ing inward movement of the piston member 24 within 
the bore 22. The increased force applied to the piston 
member 92 is transmitted to the valve needle and a point 

15 will be reached when the end region 12c of the valve 
needle moves away from the seating 72 against the 
spring force to expose the outlet openings 74. Fuel in- 
jection therefore takes place. 

[0040] Outward movement of the valve needle can 
20 give rise to pressure waves in the tubular member 63, 
but any such pressure waves will be damped by means 
of the drilling 87 provided in the piston member 24 which 
serves to limit the rate at which fuel within the bore 86 
is able to flow into the volume 50 and the tubular mem- 
25 ber 63. 

[0041] in order to cease fuel injection, the piezoelec- 
tric stack 40 is de-energised to the original energisation 
level, thereby causing the axial length of the piezoelec- 
tric stack 40 to reduce. The seal formed between the 

30 end member 48 of the piezoelectric stack 40 and the 
piston member 24 causes the end member 48 to draw 
the piston member 24 in an upwards direction. As the 
volume 50 communicates with the low pressure cham- 
ber 65 by means of the tubular member 63, the end 

35 member 48 and piston member 24 are forced firmly to- 
gether due to the compressive force applied to these 
components due to fuel under high pressure within the 
accumulator volume 36. The retracting force applied to 
the piston member 24 by the end member 48 causes 

40 the piston member 24 to move upwardly within the bore 
22 to increase the volume of the control chamber 18. 
Fuel pressure within the control chamber 1 8 is therefore 
reduced and a point will be reached when the force is 
reduced sufficiently to cause the valve needle to return 

45 against its seating 72. When the valve needle seats 
against its seating 72, the outlet openings 74 are closed 
and fuel injection ceases. As the risk of separation of 
the end member 48 and the piston member 24 is re- 
duced when the piston member 24 is drawn upwardly 

50 by the end member 48, the risk of fuel leakage from the 
injector at termination of injection is reduced. 
[0042] It will be appreciated that, in order to inject fuel, 
fuel pressure within the control chamber 18 must be in- 
creased to an amount greater than the pressure of fuel 

55 within the accumulator volume 36, fuel pressure within 
the control chamber 1 8 being maintained at substantial- 
ly the same pressure as fuel pressure within the accu- 
mulator volume 36 between fuel injections. In conven- 
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tional fuel injectors of the outwardly opening type, the 
control chamber is at a relatively low fuel pressure be- 
tween fuel injections such that, in the event that fuel 
leaks into the control chamber causing fuel pressure 
therein to increase, the valve needle can be held away 
from the seating for a longer period than desired, ad- 
versely affecting operation of the fuel injector. This prob- 
lem is avoided by the fuel injector in Figure 3. 
[0043] A further advantage of maintaining fuel with the 
control chamber 18 at high pressure between injections 
is that the fuel bulk modulus is higher and the risk of 
cavitation is eliminated, thereby improving control of 
valve needle movement. 

[0044] It will be appreciated that the fuel injectors 
herein may be provided with a different number of outlet 
openings to those described. In particular, the fuel injec- 
tors may of the two-stage lift type, in which the fuel in- 
jection characteristic can be varied, in use, depending 
on the extent of movement of the valve needle away 
from its seating. 



passage is defined by a first bore provided in the 
piezoelectric stack (40). 

6. A fuel injector as claimed in any of Claims 1 to 5, 
5 wherein the piston member (24) includes a load 

transmitting member (28) which defines the surface 
which engages the end member (48). 

7. A fuel injector as claimed in Claim 6, comprising a 
10 spring chamber (29) defined within the piston mem- 
ber (24) and the load transmitting member (28) for 
housing a compression spring (30) which serves to 
urge a valve needle (12) of the injector against a 
seating. 

15 

8. A fuel injector as claimed in any of Claims 1 to 7, 
comprising a valve needle (12) which is slidable 
within a second bore (11) and engageable with a 
seating to control fuel delivery through one or more 

20 outlet openings. 



Claims 

1 . A piezoelectrically actuable fuel injector comprising 
an accumulator volume (36) within which a piezoe- 
lectric stack (40) is arranged, the accumulator vol- 
ume (36) being arranged to receive fuel from a 
source of pressurised fuel, in use, the piezoelectric 
stack (40) carrying an end member (48) which en- 
gages a surface associated with a piston member 
(24) so as to apply a retracting force to the piston 
member (24) upon a reduction in the axial length of 
the piezoelectric stack (40), the piston member (24) 
being operable to control fuel pressure within a con- 
trol chamber (18), a volume (50) being defined be- 
tween the end member (48) and the surface asso- 
ciated with the piston member (24), the volume (50) 
being provided with vent means (63) to permit fuel 
within the volume (50) to flow to a low pressure 
drain. 

2. A fuel injector as claimed in Claim 1 , wherein the 
vent means take the form of a passage (63), one 
end of the passage communicating with the volume 
(50) and the other end of the passage (63) commu- 
nicating with the low pressure drain. 

3. A fuel injector as claimed in Claim 2, wherein the 
passage is defined by a tubular member (63) 
housed within the accumulator volume (36). 

4. A fuel injector as claimed in Claim 2, wherein the 
piezoelectric stack (40) is provided with a first bore, 
the passage being defined by a tubular member 
(63) passing through the first bore of the stack (40). 

5. A fuel injector as claimed in Claim 2, wherein the 



9. A fuel injector as claimed in Claim 8, wherein the 
fuel injector is of the inwardly opening type in which 
inward movement of the valve needle (1 2) within the 

25 second bore (11) away from the seating causes fuel 
injection to be commenced. 

10. A fuel injector as claimed in Claim 9, comprising 
damping means (34, 37) for damping movement of 

30 the piston member (24) upon a reduction of the axial 
length of the piezoelectric stack (40). 

11. A fuel injector as claimed in Claim 10, wherein the 
damping means comprise a further chamber (34) 

35 for fuel, the further chamber (34) communicating 
with the accumulator volume (36) by means of a re- 
stricted flow passage (37). 

12. A fuel injector as claimed in Claim 11 , wherein the 
40 further chamber (34) is provided with valve means 

(59) operable in response to fuel pressure within the 
further chamber (34) such that, upon movement of 
the piston member (24) to reduce the volume of the 
further chamber (34), the valve means (59) are 
4 5 caused to open to relieve fuel pressure within the 
further chamber (34). 

13. A fuel injector as claimed in Claim 8, wherein the 
fuel injector is of the outwardly opening type such 

50 that movement of the valve needle (12) outwardly 
within the second bore (11) away from the seating 
(72) causes fuel injection to be commenced. 

14. A fuel injector as claimed in Claim 13, wherein the 
55 piston member (24) is provided with a piston bore 

which communicates with the volume (50), a first 
surface associated with the piston member (24) be- 
ing exposed to fuel pressure within the piston bore 
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and a second surface of the piston member being 
exposed to fuel pressure within the control chamber 
(18). 

15. A fuel injector as claimed in Claim 13 or Claim 14, s 
wherein the control chamber (18) communicates 
with the accumulator volume (36) such that, in use, 
during non-injecting stages of the injection cycle, fu- 
el pressure within the control chamber (18) is sub- 
stantially the same as fuel pressure within the ac- 10 
cumulator volume (36). 
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